INTRODUCTION
============

Dilated cardiomyopathy (DCMP) is one of the most common types of cardiomyopathy and patients suffering from DCMP show an increase in the myocardial mass and volume. The myocardial wall gradually becomes thinner and stretches and so the left ventricular (LV) function deteriorates \[[@B1]\]. There are many causes for its occurrence and the diagnosis idiopathic DCMP will be given when the underlying pathology cannot be determined \[[@B2]\]. A 50% 5-year survival rate after diagnosis is reported, as patients often develop a progressive congestive heart failure and complications, such as thromboembolic conditions and arrhythmias \[[@B3]\]. The prognosis is usually bad when the following conditions are given: 1) the LV function is poor with less than 25% of left ventricular ejection fraction (LVEF), 2) LV enlargement, 3) conduction block and arrhythmia are present, and/or 4) the VO~2~max is low \[[@B2]\]. It is well-known a cardiac rehabilitation (CR) program can improve the patients\' quality of life, the exercise capacity and the activities of daily living \[[@B4],[@B5],[@B6]\]. Recently, it has been reported in a study the exercise training (ET) can improve the heart function and motor skills in DCMP patients \[[@B7]\]. However, in this study were targeted only those patients with a mild or moderate disease course (mean LVEF, 39%) and with a stabilization over 6 months. Not many cardiac rehabilitation studies were presented yet where DCMP patients with advanced disease courses were observed. We report about a case of a successful CR for a patient suffering from a severe advanced DCMP after cardiac arrest resuscitation.

CASE REPORT
===========

A 50-year-old male school administrator was diagnosed with DCMP with congestive heart failure. He received medical treatment since 1996 and his LVEF was 20% at the reported time.

On December 12, 2011, the patient was admitted to the emergency room due to a sudden collapse and mentality loss. At the time of initial evaluation, the patient was still unconscious and the electrocardiogram (ECG) showed a ventricular fibrillation. A sinus rhythm returned after 40 minutes of cardiopulmonary resuscitation with defibrillation and intravenous injections of epinephrine and amiodarone. The patient received post-resuscitation care including therapeutic hypothermia, mechanical ventilation, and a tracheostomy in an intensive care unit. After three months, the patient got his consciousness back but his LVEF was 14% only.

On April 8, 2012, the patient was transferred to the department of rehabilitation medicine where he was provided with CR. The cognitive function measured with the Mini-Mental State Evaluation (MMSE) score was declined to 7. The limbs were measured to be fair grade in a manual muscle test and the functional level was measured to be 71 at the Functional Independence Measure score. Thus, the patient needed moderate help in self-care, mobility, communication, and social cognition. The existing dysphagia persisted and a Levin tube was inserted therefore. Although the patient was capable to respire spontaneous the T-tube remained due to the dysphagia and the weak power for coughing and sputum expectoration. An ET monitored with ECG with 1.8 metabolic equivalents (METs) was started and the intensity was gradually increased. The first symptom limited exercise tolerance test (ETT) was conducted at the third week of CR ([Fig. 1A](#F1){ref-type="fig"}). The exercise intensity was increased by 0.5 METs every three minutes according to the manual protocol. After 14 minutes, the ETT was terminated by patient\'s request due to a dyspnea. At that time, the VO~2~max was 13.5 mL/kg/min and the exercise ECG showed frequent premature ventricular contractions. However, the hemodynamic response was acceptable without chest pain. The respiratory exchange ratio was 1.14. The patient participated in a CR program for 8 weeks in this hospital which included an ECG monitored ET for 50 minutes per session at five times per week ([Fig. 1B](#F1){ref-type="fig"}). Subsequently, a follow-up ETT was done using the same manual protocol after the completion of the CR program. The test was stopped after 28 minutes at the maximal heart rate (HR) of 178 bpm. The VO~2~max improved from 13.5 to 19.4 mL/kg/min (43% increase) and the myocardial oxygen demand at the submaximal level decreased from 21,710 (3.9 METs) to 12,669 (3.9 METs) mmHg.bpm. The peak myocardial oxygen demand was 19,936 (5.5 METs) mmHg.bpm. The Borg\'s scale of perceived exertion at 3.9 METs decreased from 15 to 9 ([Table 1](#T1){ref-type="table"}). A follow-up transthoracic echocardiogram (TTE) showed a slight improvement of the LVEF from 14% to 15% ([Table 2](#T2){ref-type="table"}).

The patient\'s MMSE improved from 7 to 13 and the activities of daily living could be independently performed almost. The dysphagia therapy and the swallowing functional electrical stimulation were continued. No aspiration or penetration was shown during a videofluoroscopic swallowing study and the patient could sufficiently expectorate by himself. L-tube and T-tube were successfully removed.

The patient performed an outpatient CR program with three times a week after the discharge from the department of rehabilitation. On December 26, 2012, a follow-up ETT was performed with the modified Bruce protocol for the first time. The test was stopped after 13 minutes due to patient\'s request at the maximal HR of 191 bpm and the VO~2~max was 19.5 mL/kg/min. The recent LVEF was 19%.

The patient received cardiac resynchronization therapy under the use of biventricular pacing according to the latest heart failure treatment guidelines \[[@B8]\] and received also outpatient CR for additional 3 months. Together with his wife he is preparing to return to his previous job.

DISCUSSION
==========

The CR program is well-known for its safety and effectiveness to improve the exercise capacity and the quality of life in patients with heart failure \[[@B4],[@B5],[@B6]\]. Holloway et al. \[[@B7]\] performed an 8-week CR program on patients with mild to moderate DCMP. After this 8-week training period, the LVEF was improved secondary to the increase of the left ventricular end-diastolic volume (LVEDV). It means either the diastolic function was improved or the intestinal/splenic venoconstriction was enhanced and the latter would be consistent with an improved autonomic function which follows the ET. Interestingly, the improvement of LVEF was more dominant in patients with a sedentary state. But the ET does not alter the cardiac high-energy phosphates during rest or physical exercise. This may suggest exercising leads not to a positive remodeling, but may improve the general reconditioning of the diseased myocardium or other skeletal muscles. Sullivan et al. \[[@B9]\] performed CR programs with 16 to 24 weeks with 12 patients with LV dysfunction. The peak oxygen consumption statistically increased but the maximal cardiac output showed an increasing trend only (p=0.13). There was no difference found in the central hemodynamic results, such as rest and exercise measurements of LVEF. But the trend seemed to be due to peripheral adaptation like an increase in the arteriovenous oxygen difference.

In this present case, the exercise capacity was improved after the ET. The LVEDV was improved from 321 to 415 mL and lead to an improvement of LVEF from 14% to 19%. In the follow-up TTE, the cardiac wall motion was generally similar, but the thickness of the interventricular septum and E/E\' were reduced. It suggests that the diastolic function slightly improved over the time of the CR. Depending on the results of TTE, ETT and in accordance to previous literature, the ET effects on the DCMP may be related to the reconditioning of the cardiac and skeletal muscles and peripheral adaptation although the phosphocreatinine to ATP ratio and arteriovenous oxygen differences were not tested.

The ECG monitor showed frequent single premature ventricular contractures (PVC) about 20 bpm during the early period of ET. There was no life-threatening event, such as ventricular arrhythmia or hemodynamic instability, after 4 weeks of training due to a gradual reduction of PVC frequency.

In Korea, CR is not actively performed for DCMP patients with a severe heart failure currently. The authors of this report safely performed a CR program on a patient with an advanced DCMP and experienced that the CR was effective in the improvement of exercise capacity and quality of life. Further studies will be needed in the near future to show the effects of CR on the heart function itself and to suggest a CR program guideline for patients with an advanced DCMP.
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![(A) The symptom limited exercise tolerance test. (B) The electrocardiogram monitored the exercise training.](arm-38-554-g001){#F1}

###### 

Hemodynamic results of symptom limited exercise test
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METs, metabolic equivalents; bpm, beats per minute; BP, blood pressure; VO~2~max, maximal oxygen consumption.

^a)^Borg\'s 6-20 scales of perceived exertion.

###### 

Serial follow-up of echocardiogram
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ET, exercise training; LV, left ventricular; LVEDV, left ventricular end-diastolic volume. E, the early ventricular filling velocity; E\', peak annuls velocity during early filling; A, the late ventricular filling velocity; E/A, the ratio of the early (E) to late (A) ventricular filling velocities; E/E\', the ratio of the early ventricular filling velocity to peak annuls velocity during early filling.

^a)^LVEDV = stroke volume / ejection fraction \[[@B9]\].
